The timber of the Neotropical tree Cedrela fissilis is used in construction, shipbuilding, carpentry and for medical purposes. In this study, polymorphic microsatellite (SSR) markers derived from an enriched genomic library were characterized using 120 adult trees from four different C. fissilis populations. No substantial genotypic linkage disequilibrium was detected among all possible pairs of SSR loci. The number of alleles per locus ranged from 2 to 20, the average allele number ranged from 8 to 9.7, depending on the population. The observed heterozygosity among the different SSR loci varied from 0.0 to 1.00 , the expected heterozygosity varied from 0.07 to 0.95 On the population level, the average observed and expected heterozygosities ranged from 0.50 to 0.63 and from 0.64 to 0.70, respectively. The average fixation index among populations ranged from 0.09 to 0.24. Thus, the SSR loci revealed high polymorphism rates and can be used to study the genetic diversity,structure, mating system, and gene flow in C. fissilis.
Introduction
Studies on population genetics can be helpful to design effective in situ management plans for tree species, in particular for those species which are subjected to forest fragmentation and logging. The Meliaceae family includes six species of the genus Cedrela, which are distributed from southern Mexico to northern Argentina (STYLES, 1981) . Three of the species, Cedrela fissilis Vell, Cedrela odorata L. and Cedrela lilloi C. DC., are native to Brazil. All of them arelisted as endangered species (IUCN, 2012) .
C. fissilis is widely distributed in Brazil (ranging from latitudes 1°S (Pará State) to 33°S (Rio Grande do Sul State). It has a wide range of uses. Roundwood or sawnwood can be used for different construction purposes like e.g. ship-and aerospace-building, furniture making and the production of musical instruments. For the use as firewood, the wood is considered of good quality, but its high market value makes it inappropriate for this purpose (CARVALHO, 1994) . It is also used in medicine to combat fever, wounds and ulcers. Based on its wide range of utilization, populations of this species have decreased. Strategies for in and ex situ conservation of the remaining populations are necessary (KAGEYAMA et al., 2003; KAGEYAMA et al., 2014; SOLDATI et al., 2014) .
Studies in populations of endangered tree species are necessary, since forest fragmentation can lead to species extinction or loss of tree populations. Microsatellite markers are well-suited for the use in in population genetic studies (SLATKIN, 1995) , due to high polymorphism rates. In this study, microsatellite markers were developed for C. fissilis and can be used for commercial and conservation interests.
Materials and Methods

Sampling of plant material
Sampling took place in four large areas, covering more than 750 ha of well-preserved mature forests with significant natural populations of C. fissilis. The four studied areas are located in the municipalities of Pidamonhangaba (VP) (22°46' S, 45°27' W, 1,200 ha), Sete Barras (SA) (24°14' S, 48°04' W, 41,700 ha) and Teodoro Sampaio (MD) (22°35' S, 52°12' W, 33,800 ha) in the state of São Paulo and in the municipality of Ilhota (MB) (26°35' S, 48°48' W, 750 ha) in the state of Santa Catarina. Sampling areas were chosen by their regional representation, preservation status, accessibility and available infrastructure. All areas consist out of forests that are situated in the Atlantic Forest Biome and represent the most threatened vegetation type in Brazil. 30 adjacent -and thus representing a continuous spatial sample -trees per population were chosen for sampling. Only adult individuals that occupied the canopy and/or showed signs of reproduction (presence of flowers or fruits) were sampled.
Microsatellite development
Total genomic DNA was extracted from fresh leaves from a single C. fissilis tree collected on Campus of Development and characterization of microsatellite loci for Cedrela fissilis Vell (Meliaceae), an endangered tropical tree species DOYLE and DOYLE (1987) . The genomic DNA was digested using the restriction endonuclease Sau3AI (New England Biolabs, Ipswich, Massachusetts, USA) and separated on an agarose gel. DNA fragments between 280 and 600 bp were transferred to a cellulose membrane (NA-45). The library was enriched in microsatellite fragments using (AG/TC) 13 motifs linked to biotin. The enriched fragments were cloned into the pGEM-T Easy Vector (Promega Corporation, Madison, Wisconsin, USA), the ligation products were used to transform Epicurian Coli XL1-Blue Escherichia coli-competent cells (Stratagene, Agilent Technologies, Santa Clara, California, USA). Transformed cells were cultivated on agar plates containing 100 µg/mL ampicillin, 50 µg/mL X-galactosidase, and isopropyl ␤-D-1-thiogalactopyranoside (IPTG). Single white colonies were selected and stored at -80°C. A total of 884 recombinant colonies were obtained. Extraction of DNA from plasmid was carried out using the Wizard Miniprep system (Promega). All 884 recombinant clones were sequenced using the primers Rsa 21 (5'-TCTTGCTTACGCGTGGACTA-3') and Rsa 25 (5'-AGTCCACGCGTAAGCAAGAGCACA-3') and the the BigDye Terminator version 3.1 cycle sequencing kit (Applied Biosystems).
Sequencing was performed using an ABI 377 automated sequencer (Applied Biosystems, Foster City, California, USA) The program VecScreen was used to remove vector segments from each of the sequences (http:// www.ncbi.nlm.nih.gov/VecScreen/VecScreen.html). Nine SSR loci, discovered within the sequenced clones, were selected for primer design. The selection criteria were high sequence quality and a minimum of 6 SSR motive repeats. Primer design was executed using the software Primer3 v0.4.0 (http://bioinfo.ut.ee/primer3-0.4.0) according to the following criteria: annealing temperature ranging from 52-60°C and GC content between 40 and 60 %. Each primer pair was designed to amplify a fragment of 150 to 300 bp ( Table 1) .
Marker analysis
For all adult trees, DNA was extracted from 100 mg of fresh leaves using the method of DOYLE and DOYLE (1987) . All 8 microsatellite loci (Table 1) were amplified and scored in all 120 sampled C. fissilis individuals following the protocols of RITTER et al. (2011) and CRESTE et al. (2001) . Allele scoring was carried out using the 10 bp DNA Ladder (Invitrogen) as size standard.
Data analysis
Genetic diversity was characterized as a mean across all loci using the following indices: total number of alleles (k), observed heterozygosity (H o ) and expected heterozygosity under Hardy-Weinberg equilibrium (H e ). To check for potential inbreeding (F), we used the within population fixation index. The statistical significance of F values was tested by permuting alleles among individuals, associated to a Bonferroni correction for multiple tests (95 %, ␣= 0.05). All analyses, including genotypic linkage disequilibrium, were performed using the FSTAT program (GOUDET, 1995) .
Results
Eight hundred and eighty-four recombinant colonies of the C. fissilis genomic library were analyzed during this study. Microsatellites were found in 168 (19 %) of the recombinant clones, demonstrating a low efficiency of the library enrichment. A significant genotypic linkage disequilibrium was detected for only two pairs of loci (CF26xCF66B and CF26xCF83) from the VP popu- Table 2 . -P value results of the estimates of genotypic disequilibrium between pairwise loci for four Cedrela fissilis populations. Adjusted P-value for 5 % nominal level of Bonferroni correction is 0.000347. * P < 0.05. Table 3 . -Population genetic parameters calculated for nine microsatellite loci developed for C. fissilis: sample size for each population (n), number of alleles (k), expected heterozygosity (H e ), observed heterozygosity (H o ) and fixation index (F). lation ( Table 2) , showing that the eight loci do not seem to be genetically linked. The total number of alleles ranged from 72 to 87 depending on the population. The average number of alleles per loci ranged from 8.0 to 9.7 ( Table 3) . The observed heterozygosity strongly varied in the SA population (from 0.00 to 0.966) and the expected heterozygosity strongly varied (0.068 to 0.946) in VP population. The average observed heterozygosity ranged from 0.449 to 0.635 and the expected heterozygosity ranged from 0.642 to 0.700, depending on the population. The average fixation index ranged from 0.093 to 0.243, depending on the population. It was significantly higher than zero in the MB, MD and VP populations, suggesting inbreeding.
Discussion
The development of specific microsatellite markers is fundamental for new studies in the field of population genetics and the development of conservation strategies for endangered species (KONZEN, 2014) . In this paper, we describe a set of microsatellite markers for C. fissilis. These markers will be important to study populations of C. fissilis and other species of the genus.
Few of the identified clones of the enriched genomic library were found to contain microsatellites, demonstrating a low efficiency of the library enrichment. However, a set of nine polymorphic SSR markers was obtained.
The genetic diversity of the different C. fissilis populations was moderate but similar to the values obtained in studies of microsatellite markers in other species of the Meliaceae family, such as Cedrela balansae (H e = 0.643), Swietenia humilis (H e = 0.548) and Swietenia macrophylla (H e = 0.657), (WHITE et al., 1999; NOVICK et al., 2003; SOLDATI et al., 2013) . However, for C. fissilis, other studies have reported higher values of genetic diversity (H e = 0.820) (KAGEYAMA et al., 2003) .
Genotypic linkage disequilibrium was detected for two pairs of SSR loci within the VP population and may have occurred due to the effects of forest fragmentation, producing genetic drift. Genotypic linkage disequilibrium between pairwise loci in plants is caused by selfing, mating among relatives and bottlenecks (HARTL and CLARK, 1989) . A possible recent bottleneck could be a cause of genotypic disequilibrium in the studied populations.
The presented new and informative microsatellite markers can be used to investigate populations of C. fissilis for breeding, conservation and environmental reforestation plans. The markers can be used for inferring genetic diversity, mating system and gene flow in C. fissilis.
Accession numbers
The sequences were deposited in the GenBank database with the following accession numbers: KP238561 
